We examined a retrospective case series to evaluate the utility of two-stage laryngotracheal reconstruction (LTR) in the management of subglottic stenosis (SGS) in adults. Operative correction of SGS with LTR has been practiced successfully in the pediatric population. However, in the adult population, cricotracheal resection has been a more common alternative. Methods: We reviewed the medical records at the Wayne State University Department of Otolaryngology-Head and Neck Surgery. We included all adult patients with SGS who underwent LTR and completed the recommended procedures between Results: Twelve of the 14 patients identified were decannulated (86%). Of the 12 decannulated patients, 1 required a salvage operation, eventually achieving decannulation after cricotracheal resection. Therefore, although our overall decannulation rate was 86%, the rate with LTR alone was 79%. The majority of our patients (71%) had high-grade (grade III or IV) stenosis.
INTRODUCTION
The incidence of subglottic stenosis (SGS) has increased over the past half-century. The initial rise began after McDonald and Stocks 1 introduced prolonged intubation as a treatment for neonates in need of long-term ventilation, which in turn led to an increase in acquired SGS. In response, multiple surgical procedures have been proposed for the treatment of SGS. Initially, Rethi's procedure 2 for operative correction of SGS by vertical division of the cricoid lamina with stent placement became the standard of treatment for pediatric SGS. Revisions to this procedure ensued, maintaining the goal of expansion of the stenosed trachea. [3] [4] [5] These revisions included the addition of cartilaginous grafts to the split cricoid cartilage in order to enlarge the subglottic lumen in children with severe laryngo tracheal stenosis. [3] [4] [5] [6] [7] [8] The success rate of this type of procedure (defined by decannulation) has been 86% to 97% for children in the recent literature. [9] [10] [11] [12] In the adult population with severe SGS, the decannulation rate has been somewhat less impressive: 76% to 95%. [13] [14] [15] [16] [17] Those patients with more severe stenosis, ie, grade III or IV, also often require multiple augmentations before eventual decannulation. Monnier et al 18 described partial cricotracheal resection (CTR) with primary anastomosis as a treatment for cases of severe SGS in adults. Decannulation rates with this procedure have been reported to be between 90% and 98%, [19] [20] [21] whereas laryngotracheal reconstruction (LTR) has a lower decannulation rate. In addition to a higher rate of decannulation, CTR also has the benefits of earlier decannulation and fewer planned surgeries. As a result, CTR is frequently used for SGS in adults. However, CTR has also been reported to have high major morbidity and mortality rates in several studies, and has a limited potential for revision. 14, 15, 19, 20, [22] [23] [24] [25] [26] In this retrospective case series, we intend to show that twostage LTR continues to be a viable option for adult patients with SGS, including those with high-grade stenosis, and that it can avoid many of the possible complications associated with CTR.
METHODS
After obtaining approval from the Institutional Review Board at Wayne State University, we re- viewed the medical records from the Department of Otolaryngology-Head and Neck Surgery from 2003 to 2010. All patients who presented to that department with SGS who underwent LTR and completed all recommended procedures were included in this retrospective case series. All of these patients underwent similar procedures, namely, one-or two-stage LTR with an autologous cartilage graft. Data on age, sex, stenosis grade and type, clinical presentation and causation, hospital stay, additional procedures required, complications, and final outcome were collected from the hospital and clinic charts.
After single-stage LTR, patients had an endotracheal tube in place for 4 days. For patients with twostage LTR, anesthesia was provided via a preexisting tracheostomy. The preparation and draping were in the standard fashion, including the auricle and chest to the level of the umbilicus.
At the beginning of the case series, the graft material consisted exclusively of costal cartilage. When harvest of the costal cartilage was planned, an incision was made along the costal margin and dissection was continued to the level of the cartilage. Cartilage was shaved from the costal margin to approximately 2 cm in diameter and placed in saline solution. Hemostasis was achieved with a Bovie cautery, a drain was placed, and the incision was closed in a layered fashion.
In later cases, it was the decision of the senior author (J.C.) to use auricular cartilage in place of costal cartilage. When harvest of auricular cartilage was planned, methylene blue on a 25-gauge needle was used to mark the conchal bowl along the anterior surface of the antihelix. A postauricular incision was made, and dissection was continued through the perichondrium to the level of the cartilage. The cartilage was resected along the margin marked by methylene blue to preserve the anterior perichondrium. The cartilage was placed in saline solution, a sterile rubber band drain was inserted, and the incision was closed in a layered fashion.
A neck incision was then made, including an ellipse around the existing tracheostoma. Flaps were raised in the subplatysmal plane. The ellipse around the tracheostoma was dissected down to the level of the trachea, and the scar was removed. The tracheal wall and anterior cricoid and thyroid cartilages were cleaned of soft tissue. Direct laryngoscopy was performed, and a rigid bronchoscope was advanced through the laryngeal inlet. Under direct vision, a large right-angle clamp was introduced into the tracheostoma and advanced past the level of stenosis to the level of the glottis. A 12-blade scalpel was used to make an incision between the tines of the clamp through the anterior tracheal wall to just below the level of the true vocal cords.
A microscope was then introduced to visualize the tracheal lumen and the posterior tracheal wall. Any granulation tissue was removed, and an incision was then made through the posterior cricoid cartilage. Under microscopic visualization, care was taken to avoid entry through the common wall into the esophagus. If a posterior graft was planned, bilateral undermining of the posterior cricoid cartilage was performed, and the graft was sutured into place with 4-0 polydioxanone suture in a horizontal mattress. If a costal cartilage graft was used, lateral flanges were carved into the graft before suturing into the divided cricoid cartilage was performed, as described by Zalzal. 27 For the patients with two-stage LTR, a No. 13 Cotton-Lorenz stent was then measured to sit just superior to the level of the vocal cords and inferior to the level of the tracheostoma (Fig 1) . The Cotton-Lorenz stent was placed just above the level of the true vocal cords to prevent fibrosis at the glottis or the subglottic level, as the posterior cricoid split is very close to the posterior glottic inlet.
The stent was cut to the appropriate length. A large cutting bur was used to create a hole for the tracheostomy tube (Fig 2) , and a small cutting bur was used to create lateral holes to secure the tracheostomy tube to the stent with metal wires. A midline cut was made from the inferior extent of the stent to the tracheostomy hole with heavy Mayo scissors to allow insertion of the tracheostomy tube. The stent was then placed into the trachea, and a No. 6 Jackson metal tracheostomy tube was introduced. After PATIENT placement of the metal tracheostomy tube, the anterior graft was customized to fit and secured into place at the anterior cricoid split with 4-0 polydioxanone sutures in a horizontal mattress. The metal tracheostomy tube was then attached to the Cotton-Lorenz stent with 20-gauge metal wires. Hemostasis was achieved with Bovie cautery, a quarter-inch (0.635-cm) Penrose drain was placed, and the neck incision was closed in a layered fashion. For the purposes of clarity, a diagram summarizing the surgical procedure for LTR has been included ( Fig 3) . RESULTS A retrospective chart review was conducted from 2003 to 2010. We identified a total of 14 patients with SGS who underwent LTR and had more than 6 months of follow-up. The age range was from 16 to 86 years (average, 41.5 years). There were a total of 9 men and 5 women (see Table) .
The patients were graded on the extent of their SGS according to the Cotton-Myer grading scale. 28
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The study included 1 patient with grade I stenosis (less than 70% stenosis), 3 patients with grade II stenosis (70% to 90%), 9 patients with grade III stenosis (more than 90% stenosis but with lumen present; Fig 4 depicts grade III stenosis before and after LTR), and 1 patient with grade IV stenosis (complete obstruction with no lumen; Fig 5A) .
Three patients had SGS secondary to burn injury and prolonged intubation. Four cases were secondary to external trauma or motor vehicle accidents, and 7 were primarily related to prolonged intubation ( Fig 5B) . Only 1 of the 14 patients had had prior LTR before being referred to our department (patient 10).
All of the patients in this study were treated by LTR with an anterior or anterior and posterior cricoid split with graft placement. All patients except patient 8 underwent a two-stage procedure, with decannulation delayed until after the initial surgery. Another 3 patients also underwent a vocal cord procedure. A costal cartilage graft was utilized for the 7 earlier cases, and an auricular cartilage graft was utilized for the 7 later cases by the senior author's preference.
All patients underwent fiberoptic nasopharyngoscopy before and after operation. Three patients were noted to have preoperative vocal cord immobility, and the other patients had bilateral mobile vocal cords. The 3 patients (patients 5, 6, and 7) with bilateral vocal cord immobility underwent their procedures for it at the same time as their initial LTR, including unilateral arytenoidectomy and vocal cord lateralization. All 3 were later decannulated. Postoperative fiberoptic nasopharyngoscopy demonstrated no change in vocal cord mobility in any of these patients.
All 3 of the patients with preoperative vocal cord immobility had hoarseness that was not significantly altered after LTR. Many of the patients with bilateral mobile cords had breathiness and some hoarseness before the LTR, and subjectively they did not feel that their vocal quality was significantly altered after surgery, with the exception of patient 4, who noted that there was some alteration in her singing voice after tracheostomy.
Overall, 12 of the 14 patients were decannulated, between 45 and 128 days (average, 59.5 days) after surgery. Eight patients were decannulated after 45 to 60 days, and 3 patients after more than 60 days. It is important to note that 1 of the successful patients required a salvage operation (patient 14), achieving decannulation after CTR. Therefore, the decannulation rate with LTR alone was 11 of 14, or 79%. Because the vast majority of these cases (71%) were of high-grade stenosis, we are satisfied with the outcome, and now utilize LTR as our initial approach in the management of adults with high-grade SGS. Four of the 14 patients required a second two-stage LTR before being decannulated, 1 of whom had previously undergone LTR by an outside surgeon before being seen by our department.
The most significant postoperative morbidities di rectly related to the procedure were pneumonia and atelectasis, which occurred in 5 of our 14 patients (36%). Four of the 7 patients with a costal cartilage graft developed iatrogenic postoperative atelec tasis or pneumonia, compared to only 1 of the 7 patients with an auricular graft ( Fig 6) . This last patient had a history of chronic obstructive pulmonary disease (patient 9). Patients who developed atelectasis or pneumonia were treated with increased use of incentive spirometry, and when appropriate, were treated empirically with antibiotics until resolution was achieved according to clinical status and repeat chest radiographs. Fischer's exact test for independence (the null hypothesis supposing no difference in the probability of developing postoperative morbidity between the two different cartilage graft sites) yielded a 2-sided p value of 0.27. On the basis of these data, we suggest that auricular cartilage may reduce the incidence of postoperative pneumonia and atelectasis because it avoids the complications of donor site morbidity.
At this time, the 14 patients have been seen for follow-up for an average of 22 months. One of the 12 decannulated patients has some minor residual dyspnea and stridor.
DISCUSSION
With the continued use of prolonged intubation and ventilator-assisted respiration, patients with high-grade (III or IV) SGS have continued to present to otolaryngologists for management. Although the treatment of pediatric patients with this condi-tion by LTR techniques has been fairly well established by others, the treatment of adults has been less certain.
In our study, only 1 patient presented with grade I SGS (patient 13). This patient initially presented with acute respiratory distress in the emergency room, and because he was unresponsive to other measures, underwent emergency tracheostomy. He was later evaluated by direct laryngoscopy and was found to have only 65% stenosis. However, because he had been symptomatic to the point of emergency tracheostomy, he was deemed a candidate for surgical correction.
Four of the 14 patients required a second LTR before being decannulated, 1 of whom had previously undergone LTR by an outside surgeon before being seen in our department (patient 10). This patient had a persistent tracheocutaneous fistula upon initial presentation to our department. Approximately 3 months after his revision LTR at our institution, this patient suffered an episode of acute cardiorespiratory arrest and had to be emergently intubated, with subsequent placement of a tracheostomy tube for management of ventilator-dependent respiratory failure. The patient's tracheocutaneous fistula was closed by a local advancement flap approximately 5 months after his revision LTR. The second of the 4 patients was the first patient in our series and was the only one to undergo a single-stage LTR. He was found to have a large hiatal hernia with active gastroesophageal reflux that was thought to contribute to tissue swelling at the operative site. After a Nissen procedure and, later, a revision two-stage LTR were performed, the patient was decannulated without further difficulties. The third and fourth patients were found to be noncompliant with antireflux medications. Once they became compliant, a revision two-stage LTR was performed, and they have done well since that time.
Of the 14 patients in our study who underwent LTR and CTR, 12 were decannulated (86%). One patient (patient 13) died after remaining decannulated for 4 years after his procedure. He was initially decannulated without complication; however, over the course of his follow-up, he continued to smoke and was noncompliant with his prescribed antireflux medication regimen. He was then lost to follow-up. He entered the emergency room 4 years after the successful decannulation in severe distress, went into cardiac arrest, and died. According to a postmortem examination, the primary cause of death was cardiovascular in origin. Severe cardiac disease (greater than 90% occlusion in multiple coronary arteries) and chronic heart failure were found, with a subglot- tic airway that was patent at the time of death.
Among the 3 cases of failed LTR, 1 patient was eventually decannulated after CTR (patient 14). The 2 cases of failed decannulation both involved highgrade stenosis (patients 11 and 12). The first patient who was unable to be decannulated had significant comorbidities that prevented further attempts at decannulation (patient 12). This patient had a severe grade IV stenosis following a motor vehicle accident and, as a result of that trauma, had developed quadriplegia at the level of C4-5 with a concomitant phrenic nerve injury. The phrenic nerve injury was not known at the time of the initial presentation and was discovered after the LTR procedure was performed. With this knowledge, the patient was deemed to be at an unfavorable risk for a second LTR and therefore was not decannulated.
The second patient in whom decannulation failed (patient 11) underwent his initial two-stage LTR and was stable after decannulation. However, within 24 hours he developed increasing work of breathing and stridor, necessitating revision tracheostomy placement. At that time it was discovered that he had been entirely noncompliant with the postdecannulation medication regimen that included steroids and antireflux medications. Approximately 8 months later, the patient underwent his second two-stage LTR. He was again stable after decannulation; however, 1 month later, he again developed respiratory difficulties that necessitated tracheostomy tube placement. At this time, the patient continues to use a tracheostomy tube because of continued SGS.
The success rates of LTR in the recent literature have generally been reported as less than 80% for adults with high-grade SGS. [13] [14] [15] There are reports of greater success with LTR in adults 16, 17 ; however, these reports did not quantify the grades of stenosis, thus limiting the application of their results for discussion for high-grade laryngotracheal stenosis repair.
There is considerable variance among the reported success rates of LTR in adults. [13] [14] [15] [16] [17] With this lack of consistent success, it is no surprise that resection of the stenotic segment, as proposed by Monnier et al, 18 is used more frequently in the treatment of adult patients with severe stenosis than is LTR. As mentioned above, the recent decannulation rates for CTR are in the range of 90% to 98% in some reports. [19] [20] [21] That procedure has the added benefit of often treating the stenotic airway with a single operative procedure. It allows prompt decannulation, spares the glottis from complications, and avoids the donor site morbidity seen with LTR cartilage grafts. Despite these benefits, there have also been several articles that have cited problems with the CTR technique. Complete resection of the cricoid cartilage remains the most difficult problem among patients with subglottic lesions, as it involves substantial risk of injury to the recurrent laryngeal nerves and cricoarytenoid joints, which can jeopardize vocal cord function.
Donahue et al 19 (3), cervical neck abscess (2), pneumothorax (1), and major subcutaneous emphysema (1) . Other authors noted recurrent laryngeal nerve paralysis in 2% to 3% of their cases. For Donahue et al, 19 major complications occurred in 39% of revision cases, in contrast to 15% of primary procedures for CTR. Overall, major complications associated with CTR are reported in 14% to 39% of patients. 14, 15, 19, 20, [22] [23] [24] [25] There are also anatomic limitations to consider: at least one tracheal ring must be sacrificed so that there is normal tracheal tissue at both ends of the anastomosis. Although revision and re-resection is a possibility, the extent of repeated resection is limited. 26 The reported complications from LTR are far fewer and milder in comparison. Two initial considerations are that the two-stage LTR procedure requires at least two separate planned procedures, and that it has prolonged decannulation times compared to CTR. In terms of the procedure itself, an autogenous graft is required. This introduces a second surgical site, the potential for donor site morbidity, and the concern for graft survival. 15, 16, [29] [30] [31] In addition, the use of a foreign material to stent the tracheal lumen is required, and the stent type, length, duration of placement, and security in the airway are all important concerns for the procedure's viability. Overly prolonged stenting has been shown to lead to mucosal irritation, significant granulation tissue formation, restenosis, ischemia, and necrosis of the area. 16, 29, 32, 33 In our case series, we used a Cotton-Lorenz stent and a Jackson metal tracheostomy tube. We did not have any significant issues regarding granulation tissue formation. Laryngotracheal reconstruction is currently the only available technique for patients with stenosis that extends to the level of the vocal cords or above. This extent of stenosis cannot be treated by CTR alone. In ad-dition, LTR can be more readily revised than can CTR. Should the patient initially fail decannulation, a revision LTR can be performed with a high possibility of success.
CONCLUSIONS
Laryngotracheal reconstruction continues to be a viable and preferred option for adult patients with SGS. Laryngotracheal reconstruction is a relatively safe and often-performed procedure in children. It has the potential to be applicable in adults with SGS as well, when modern LTR techniques are used. It has the benefit of avoiding the pitfalls and complications of CTR and the benefit of available revision surgery. Success with LTR in adults can be achieved by an appropriate assessment of the patient as a viable candidate for LTR, avoiding comorbid conditions likely to confound decannulation, and by close and continued postoperative follow-up.
Laryngotracheal reconstruction has a lower morbidity rate than does CTR; only 36% of our patients developed atelectasis or pneumonia after LTR. More specifically, in our later group who underwent auricular cartilage grafting, only 1 of 7 had any significant degree of postoperative morbidity. Overall, 79% of our patients were successfully decannulated after LTR. For CTR, the complication rates range from 14% to 39%, including excess granulation, failed anastomosis, cardiopulmonary arrest, and death. In 2 studies, 14, 19 12.5% of the major complications from CTR resulted in patient deaths. We strongly feel that because of the relatively benign complications that occur with LTR, and because of the ability to revise the procedure, LTR should be considered as a first-line intervention in management of adult patients with SGS, with CTR being held in reserve as a fallback procedure for patients who are not adequately treated by augmentation grafting.
